In particular, we observed no additional immobilization events in the bait-captured area, indicating that binding to unoccupied CD4 molecules is a very rare event, at least on the millisecond time scale within which the membrane-anchored Lck-CFP-YFP molecules moved over the photobleached spot.
A computational approach to correct arginine-to-proline conversion in quantitative proteomics
To the Editor: Stable-isotope labeling of proteins using heavy amino acids in cell culture is a widely used method to measure quantitative changes in mass spectrometry-based proteomics 1 . When using a heavy form of arginine, however, 'heavy'-isotope labels can be inserted into proline through arginine catabolism. If the stable isotope incorporated into proline is not considered, ratios of proline-containing light and heavy peptides can be incorrectly calculated, leading to a reduction in intensity of the isotope-labeled heavy peptide (Fig. 1a) . Proposed solutions have included decreasing the arginine concentration 2 or increasing the proline concentration 3 , but manipulating the amino acid concentration in culture medium may result in suboptimal growth conditions for certain cell lines 4 . Another method replaces 12 C 14 N arginine with 12 C 15 N arginine in the 'light' medium, allowing the amount of converted proline to be normalized by quantifying the monoisotopic peak in the mass spectra 4 . However, quantification solely based on monoisotopic peak can also compromise accuracy. We describe an alternative, computational correction for accurate calculation of expression ratios between 'light' and 'heavy' isotopelabeled peptides, which does not require changing the culture medium used for labeling. In a high-resolution mass spectrometer, isotope clusters are well defined, making it straightforward to distinguish the converted heavy proline clusters from the heavy arginine clusters (Fig.  1a) . To correct for proline conversion, we extracted individual isotope peaks rather than simply summing all ion intensities within a massto-charge (m/z) range of a predicted isotope distribution in which noisy peaks can be potentially included. We summed ion current from multiple light isotope peaks with a defined mass window to calculate the amount of light peptide. For the heavy peptide, we summed ion current not only from the heavy arginine-or heavy lysine-labeled peptide counterpart of the lighter peptide but also from extra heavy isotope peaks derived from heavy proline (Fig. 1b) .
Using an LTQ Orbitrap mass spectrometer (Thermo Fisher Scientific), we analyzed a 1:1 mixture of cultured cortical neurons grown in light or heavy media. Owing to the nature of the primary cell culture (cells were not doubling) used, we observed incomplete heavy-isotope labeling (60-90%) 5 . By using the ratio distribution of no proline-containing peptides (Fig. 1c) as the target for the correction, we plotted the distribution with a single-proline correction; the distribution had a shift toward the expected ratio and becomes more focused, indicating a more accurate overall ratio calculation. When considering the second heavy proline, the distribution plot was almost identical to the expected ratio. For PC12 cells that we completely labeled with heavy isotope, the proline correction resulted in a complete overlap of the ratio distribution profile between the proline-containing and no proline-containing peptides, and the distribution was centered at zero (Fig. 1d) . We also applied this approach to the same data in a low-resolution mode (we simply summed all ion intensities within the predicted isotope distribution's m/z range with 0.3 m/z tolerance on each side) where both single and double proline correction improved the accuracy of the ratio (Supplementary Methods, Supplementary Fig. 1 dance 4 . By using our computational correction, we achieved quantification that was more accurate, as demonstrated by the decreased standard deviation of light peptide/heavy peptide ratios for five representative proteins (Supplementary Table 2 online) . The second satellite peak, a result of two proline residues in the peptide, contributed much less to the ratio correction than the first satellite peak (Fig. 1a,c) . We also examined the possibility of arginine-to-glutamate conversion as part of arginine catabolism, but the amount of heavy glutamate in these samples was negligible (Supplementary Fig. 2 online) .
For implementing this computational correction, a tool is available as Supplementary Software online, and we also implemented the computational correction into our Census software 6 , available at http://fields.scripps.edu/census/ (see Supplementary Methods for detailed instructions). Raw data for the results shown here are available at http://fields.scripps.edu/proline/index.html. 
